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INTRODUCTION

The NASA's Earth Observing System Data and Information (EOSDIS) and the
Distributed Active Archive Center (DAAC) located at Langley Research Center have
developed a set of six trading cards to help students learn about the Earth's radiation
budget. The Earth’s radiation budget is a simple tool that uses the amount of energy
the Earth receives from the sun and the amount of energy the Earth sends back to
space. If the Earth receives more solar energy than it sends back to space, we
expect the Earth to warm up. If the Earth sends more solar energy than it receives
from the sun, we expect the Earth to cool down.

To assist educators with teaching the concept of the Earth's Radiation Budget, lesson
plans have been developed by teachers and scientists to supplement the content of
the trading cards and to integrate these concepts into their curriculum. At the
elementary and secondary levels, it is NASA's desire to enhance the knowledge,
skills, and experience of teachers to capture the interest of Earth Science into
integrated applications of science, mathematics, technology, and related subject
matter.

We strongly hope that educators and students enjoy the Earth's Radiation Budget
Trading Cards and the activities that accompany them. We ako invite you to view
the trading cards and lesson plans on the Langley DAAC's Web Site at:

http://eosweb.larc.nasa.gov/education/Erb_Intro.html
Future sets of trading cards will focus on Aerosols (volcanoes, desert-dust, and

human-made), Atmospheric Chemistry (greenhouse gases, ozone, and layers of the
atmosphere), and Clouds.
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TRAI\DING CARDS LESSON

ENCE LAB FOGCUS
Exploring Albedo

Recommended Age:
Intermediate Level (Grade 5-8)

Guiding Question:

What effect does albedo have on surface temperature?

Objectives

Concepts:

Albedo is the fraction of incoming sunlight that is reflected, rather than absorbed.

Principles:

1. Albedo is represented as a percent of the Earth's total incoming energy. Thus, an albedo of 50% would indicate
that half of all incoming radiation is reflected. In general, the more radiation that is reflected usually means lower
overall surface temperatures.

2. Albedo represents an important aspect of the radiation budget.

3. The Earth's radiation budget is a simple tool that uses the amount of energy the Earth receives from the sun
and the amount of energy the Earth sends back to space.

* If the Earth receives more solar energy than it sends back to space, we expect the Earth to warm up. If the
earth sends more energy than it receives from the sun, we expect the Earth to cool down.

4. In general, more lightly-colored surfaces (snow and ice, for example) have a higher albedo than darker-colored
ones (trees, blacktop, etc).

Facts:
1. The overall albedo of the Earth is thought to be about 30%.

2. ERBE instruments collect data concerning the Earth's albedo.
3. The concept of albedo explains (for example) why white robes are favored in desert regions.

Skills:

1. Experimenting & making measurements
2. Drawing conclusions

Applicable National Standards (Science, Level 5-8):

1. Standard B, "Transfer of Energy," items 1, 5, and especidly 3 & 6
2. Standard D, "Structure of the Earth System," item 10
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TRAI\DING CARDS LESSON

ENCE LAB FOCU
Exploring Albedo

Preparation

Materials:

1. Thermometers (3 per lab team)

2. Colored paper (black) and white paper (1 sheet each per lab team)
3. One paper cup of water per lab team

4. Earth Radiation Budget trading card set

Room Preparation:

As most of the lesson will take place outside, no room preparation is necessary. In the absence of warm,
sunny weather, the room can be set up with a number of high-intensity lamps as "suns".

[Note: The number of sun lamps will depend on how many students and how many groups are working on
the activity. It is suggested that there should be one lamp per group.]

Safety Precautions;

1. Students should report broken thermometers immediately--both broken glass and mercury have a high
hazard potential.

2. If lamps are used, make sure students are careful not to let clothes or skin touch the bulb or metal shade
(if any).

Procedures & Activity

Prelab discussion:

1. Introduce the Earth radiation budget trading cards so students will understand the concept of radiation budget,
and the Data card in particular as it explains albedo.

2. Ask students if they would be hotter on a sunny day wearing black or white colored clothes. Ask why they think
so, attempting to guide them into realizing that because white is "brighter” (i.e., has a higher albedo), it is
correspondingly cooler; black garments reflect little sunlight and are thus warmer.

3. Review variables - independent and dependent.
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TRAI\DING CARDS LESSON

ENCE LAB FOGCUS
Exploring Albedo

Activity:

1. Distribute materials among students. Each lab team should wrap one thermometer tightly in black paper. A
second thermometer should be wrapped tightly in white paper, and the third thermometer should be submerged in
the cup of water. All three thermometers should then be putin the sun (or underneath the lamp).

2. The temperature readings for all three thermometers should be checked and recorded every five minutes, for a
total of 10 minutes. At the end of the first 5-minute waiting period, students should rank the three materials
(white paper, black paper, and water) in order, from the hidest to the lowest albedo, as a working hypothesis.

3. Each of the three materials (white paper, black paper, ard water) should be rated for albedo again at the end of
the second 5-minute waiting period, this time using the idea that a higher albedo will yield a lower final
temperature.

4. At the end of the final 5-minute waiting period, students should rank the three materials (white paper, black
paper, and water), this time using the idea that half of allincoming radiation is reflected; the less radiation that is
reflected, the higher overall surface temperature is expected.

Discussion:

1. Which final temperature was the highest? Which was the lowest? Did your results turn out the way you
expected?

2. Just in case: If the final temperature for the water proves to exceed that for the black paper, try to get the
students to understand the fact that the black paper "shields" its thermometer and thus might have influenced the
results. Ask for suggestions on how to redesign the experiment to account for this (an example of a more accurate

method is given under "Extension ldeas," below). Have students make inference or have them state the
connection between this experiment and the concept listed on the trading cards.

Closing

Ask,"What effect does albedo have on surface temperature?”

Evaluation
1. Completion of lab activity sheets;

2. Did each student contribute equally to the group effort? You may wish to add a question to each activity sheet,
along the lines of, "How did you divide up the work?"
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ENCE LAB FOGCUS
Exploring Albedo

Extension Ideas

1. Have students graph temperature vs. time for all three thermometers, and ask if all three warmed up at the
same rate.

2. A more accurate method of determining albedo-temperature-color relationships would be to put each
thermometer in a cup filled with either cola, milk, or plain water. Make sure that the starting temperatures of all
three liquids are identical, and that the volumes of the three are more or less equivalent. You might wish to run
the experiment this way after completing it as described above, and allow students to compare results.

3. Assume (for the sake of this experiment) that the black paper (or cola) has an albedo of 0%. Further assume
that the albedo of the white paper (or milk) is 100%. Have students interpolate the temperature for the Earth in
general (30% albedo) under similar light conditions, based on the two end-point temperatures.

Interpolated Temperature (30%) = 100% albedo temperature + (0.3) x (0% temperature - 100 % temperature)

The Data trading card or Data web page will support further understanding of this concept.

Careers Related to the Lesson Topics

1. Atmospheric scientist
2. Land-use management
3. Climatologist

4. Optical Physicist
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Lab Team

Variables

(dependent) (independent)

Data Table

Write out the procedures for testing your hypothesis.

Hypothetical] Temperature] Temperature|Experimental
Thermometer A_Ibedo after 5 af.ter 10 A.Ibedo
covering (Highest, minutes minutes (Highest,
middle, middle,
lowest) (°C) (°O) lowest)
Black paper
or cola
White paper
or milk
Plain water
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Questions

1

Were your original guesses about the albedo of the different materials
supported by the results of the experiment? (check one)

® Yes; all guesses were proven to be correct.
® Somewhat; 1 guess was correct
® Not at all; none of the guesses matched the experimental results.

2

If you checked the second or third box in question 1, why do you think the
experimental results were different from your hypothetical results?

If you checked the first box in question 1,
why did you originally rate the albedos in the order you did?

3

Which of the following areas would be the coolest on a sunny summer day?
Which would be the warmest?

Park with Grass & trees City with blacktop Inside of a white building
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TRADING CARDS LESSON

SCIENCE & TECHNOLOGY FOCUS
Satellites and the Radiation Budget

Recommended Age:
Intermediate Level (Grade 5-8)

Guiding Question:
How is the Earth's radiation budget studied?

Objectives

Concepts:

NASA uses satellites and remote sensing technology to study the Earth's radiation budget. Data and imaging from
these missions are available on-line from the NASA Distributed Active Archive Centers (DAAC) as well as other
sources.

Principles:

1. See previous sheet or the web

2. NASA uses satellites to study the Earth's radiation budget.

3. Satellites are used in studying the Earth's radiation budget because it is easier to get a look at planet Earth
from space than it is from the Earth's surface. Scientists are increasingly coming to believe that it is important to
see the entire Earth as one system, instead of as a number of interrelated parts.

4. The use of satellites is a form of "remote sensing," meaning that data is collected from afar.

5. Each satellite contains a number of instruments which detect different measurements.

Facts:

1. ERBE (Earth Radiation Budget Experiment) instruments were flown on three satellites: ERBS(Earth Radiation
Budget Satellite), NOAA-9, and NOAA-10.

2. ERBS scanner instruments have 3 detectors: long-wave radiation, short-wave radiation, and total energy. A
scannner instrument moves,"scanning” back and forth, across the satellite's path.

3. The non-scanner instrument gives a wider view than a scanner instrument, but the view is fixed on a point
below the satellite (it does not scan back and forth). An ERBE non-scanner instrument contains different radiation
detectors.

4. The ERBS satellite was deployed by astronaut Sally Ride.
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SCIENCE & TECHNOLOGY FOCUS
Satellites and the Radiation Budget

o

Objectives
Skills:
1. Conducting research

2. Using technology (the Internet)

Applicable National Standards (Science, Level 5-8):

. Standard A, "Understanding about scientific inquiry," items 4 & 6
. Standard B, "Transfer of Energy," items 3 & 6
. Standard D, "Earth in the Solar System," item 4

. Standard E, "Understanding about Science and Technology,"items 3 & 5

a b W N PP

. Standard G, "Nature of Science," item 1

Preparation
Materials:
1. Trading card set(s)

2. One computer per pair of student group, with Internet access.

Room Preparation:

Log on to the Internet in advance, to save waiting time. The teacher may also wish to assign students to groups,
rather than allowing the students to choose.

Safety Precautions:
1. The Internet is to be used to complete the assignments, not to "surf" at random.

2. Remind the students that computers are fragile--no food, drink or horseplay will be tolerated.
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SCIENCE & TECHNOLOGY FOCUS
Satellites and the Radiation Budget

Procedures & Activity

Prelab Discussion;
1. The concept of the radiation budget should have already been introduced.
2. Explain that NASA scientists study the radiation budget to determine if certain problems (such as global

warming) exist, and if so, what should be done about them.

Listed are some suggested questions for the prelab discussion:

1. What is the radiation budget?

2. Why is it important to study the radiation budget?

3. Who do you think studies radiation budget now? Where?

4. How do you think they go about studying the radiation budget, when they need to look at the entire
Earth?

Activity:

1. Distribute one card or print information from the trading cards on-line (Introduction, Science, Mission, Satellite,
or Data) and the corresponding activity sheet to each group of students. For normal class size, you might
photocopy the cards so as to allow smaller group sizes (pairs are optimal), with more than one group working on
each card (of course, the number of groups possible is limited by the number of computer terminals with Internet
access you have). If there is a small number of terminals, larger groups can be accommodated by handing out
more than one card and activity sheet per group.

2. Explain that groups are to use the card and the Internet to answer a set of questions provided (the activity
sheet). These questions will be fact-based and require application of skills (e.g., "Find the Web site where..."). You
may wish to set a time limit, to further discourage idle "browsing."

3. Students in the lower grades will need more help with the web searches; the teacher may want to provide exact
URL's rather than to have the students start at the home pages and search from there.

Activity | - Use with the Introduction Trading Card
Activity 1l - Use with the Science Trading Card
Activity 11l - Use with the Mission Trading Card
Activity IV - Use with the Satellite Trading Card
Activity V - Use with the Instrument Trading Card
Activity VI - Use with the Data Trading Card
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SCIENCE & TECHNOLOGY FOCUS
Satellites and the Radiation Budget

Discussion:

1. Did you find it easy to use the Internet to find the information you needed? Why or why not?

2. Did you encounter any major problems?

3. What did you learn about your trading card topic (other than the answers to your set of questions)?

4. Did you realize that, using the NASA DAAC's Web Site at Langley Research Center, scientists from all over the
world can get data directly from NASA?

Closing:

Ask again, "How is the Earth's radiation budget studied?"

Evaluation
1. Completion of lab activity sheets.

2. Did each student contribute equally to the group effort? You may wish to add a question to each activity sheet,
along the lines of, "How did you divide up the work?"
Extension ldeas

1. Have students use the Internet—NASA's Web Sites to research other satellite missions.

2. Discuss the history of satellite use, from Sputnik to EOS-1.

Careers Related to the Lesson Topic
1. Atmospheric Scientist
2. Astronaut
3. Aerospace Engineer

... and many others.
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ACTIVITY SHEET

SATELLITES AND THE RADIATION BUDGET

Lab Team

Trading Card Topic

Introduction

Questions to Complete

1
What is meant by the term "radiation budget"?

2
Find a Web Site (from the list below) that deals with the concept of the radiation budget.

URL:

3
What must the Earth do to balance the energy coming from the Sun?

4
Why do NASA scientists study the radiation budget?

5
How can you obtain more information about topics related to these questions?

Helpful Web Sites

http://eosweb.larc.nasa.gov
http://asd-www.larc.nasa.gov/erbe/ASDerbe.html
http://asd-www.larc.nasa.gov/erbe/components2.gif
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ACTIVITY SHEET

SATELLITES AND THE RADIATION BUDGET

Answer Sheet

Trading Card Topic
INTRODUCTION

1. What is meant by the term "radiation budget?"

Radiation budget is a comparison of how much sunlight reaches the Earth vs. how much heat the Earth gives
off into space.

2. Find a Web Site dealing with the concept of the radiation budget.

http://asd-www.larc.nasa.gov/erbe/ASDerbe.html or http://asd-www.larc.nasa.gov/erbe/components2.gif

3. What must the Earth do to balance the energy coming from the Sun?

The Earth must reflect enough energy back into space to keep the temperature from getting too warm or too
cold.

4. Why do NASA scientists study the radiation budget?

Studying the Earth's radiation budget is important because it helps scientists better understand how the
Earth's climate works.

5. How can you obtain more information about topics related to these questions?

You can obtain more information about topics related to these questions by contacting the Langley DAAC
[http://eosweb.larc.nasa.gov]
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SATELLITES AND THE RADIATION BUDGET

Lab Team

Trading Card Topic

Science

Questions to Complete

1
Where does most of the energy that reaches the Earth come from?
(Hint: this energy is in the form of short-wave radiation)

2
From the list find a Web Site dealing with long-wave radiation.

URL:

3
Find a picture on the Internet illustrating your answer to #1 and print it.
(If you do not have access to a printer, find an image and ask your teacher to
check it for you. If you do not have Internet access at all, draw a picture instead).

4
What determines the characteristics of an electromagnetic wave?

5
How can you obtain more information about topics related to these questions?

Helpful Web Sites

http://eosweb.larc.nasa.gov
http://asd-www.larc.nasa.gov/erbe/ASDerbe.html
http://umbra.nascom.nasa.gov/images/latest_eit 304.gif
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ACTIVITY SHEET

SATELLITES AND THE RADIATION BUDGET

Answer Sheet

Trading Card Topic
SCIENCE

1. Where does most of the energy that reaches the Earth come from?

The Earth receives most of its energy from the sun.

2. Find the Web Site dealing with long-wave radiation.

http://asd-www.larc.nasa.gov/erbe/ASDerebe.html

3. Find a picture on the Internet illustrating your answer to #1 and print it.

http://umbra.nascom.nasa.gov/images/latest_eit_304.gif

4. What determines the characteristics of an electromagnetic wave?

Wavelengths determine the characteristics of an electromagnetic wave.

5. How can you obtain more information about topics related to these questions?

You can obtain more information about topics related to these questions by contacting the Langley DAAC
[http://eosweb.larc.nasa.gov]
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ACTIVITY SHEET

SATELLITES AND THE RADIATION BUDGET

Lab Team

Trading Card Topic

Mission

Questions to Complete
1
Name one NASA project designed to study the Earth's radiation budget.

2
From the list below, here would you look for information about NASA's ERBE Mission?

URL:

3
Name three (3) satellites used in this mission.

4
How can you obtain more information about topics related to these questions?

Helpful Web Sites

http://eosweb.larc.nasa.gov
http://www.hg.nasa.gov/office/mtpe/
http://asd-www.larc.nasa.gov/erbe/ASDerbe.html
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ACTIVITY SHEET

SATELLITES AND THE RADIATION BUDGET

Answer Sheet

Trading Card Topic
MISSION

1. Name one NASA project designed to study the Earth’s radiation budget?

ERBE (Earth Radiation Budget Experiment) is one of NASA's projects designed to study the Earth's radiation
budget.

2. Where would you look for information about NASA's ERBE Mission?
http://asd-www.larc.nasa.gov/erbe/ASDerbe.html

3. Name three (3) satellites used in this mission.

ERBS (Earth Radiation Budget Satellite), NOAA-9 (National Oceanic and Atmospheric Administration), and

NOAA-10 are the three satellites used in this mission.

4. Mission to Planet Earth recently changed its name to

Mission to Planet Earth (MTPE) recently changed its name to Earth Science Enterprise

5. How can you obtain more information on topics related to these questions?

You can obtain more information about topics related to these questions by contacting the Langley DAAC
[http://eosweb.larc.nasa.gov]
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SATELLITES AND THE RADIATION BUDGET

Lab Team

Trading Card Topic

Satellite

Questions to Complete

1
How did the Earth Radiation Budget Satellite (ERBS) get into space?

2
Who was the astronaut who deployed the satellite?

3
Find a picture of ERBS on the Web and print it.
(If you do not have access to a printer, find an image and ask your teacher to
check it for you. If you do not have Internet access at all, draw a picture instead).

4
Why does NASA use satellites to study the radiation budget?

5
How can you obtain more information about topics related to these questions?

Helpful Web Sites

http://eosweb.larc.nasa.gov
http://asd-www.larc.nasa.gov/erbe/ASDerbe.html
http://asd-www.larc.nasa.gov/erbe/erbs.html
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ACTIVITY SHEET

SATELLITES AND THE RADIATION BUDGET

Answer Sheet

Trading Card Topic
SATELLITE

1. How did the Earth Radiation Budget Satellite (ERBS ) get into space?

The ERBS (Earth Radiation Budget Satellite) was launched by the Space Shuttle Challenger.
[May also accept a more general answer, such as by way of arocket.]

2. Who was the astronaut who deployed the satellite?

Sally Ride was the astronaut who deployed the satellite.

3. Find a picture of ERBS on the Web and print it.

Path to the answer: http://asd-www.larc.nasa.gov/erbe/ASDerbe.htnl; click on ERBS (in the first paragraph);
then click on "ERBS" for the satellite image, which is http://asd-www.larc.nasa.gov/erbe/erbssat.gif

4. Why does NASA use satellites to study the radiation budget?

NASA uses satellites to study the radiation budget in order to better understand how the Earth's climate
works;Satellites also collect data from the entire Earth and are carried into space by rockets.

5. How can you obtain more information on topics related to these questions?

You can obtain more information about topics related to these questions by contacting the Langley DAAC
[http://eosweb.larc.nasa.gov]
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SATELLITES AND THE RADIATION BUDGET

Lab Team

Trading Card Topic

Instrument

Questions to Complete

1
What three (3) instruments did ERBS carry?

2
What are these instruments used to study?

3
What is the difference between a scanner instrument and a non-scanner instrument?
(Hint: You may NOT just say, "The scanner scans and the non-scanner doesn't."
You must explain your answer!)

4
How long was the ERBS scanner in operation?

(use the Helpful Web Sites to assist you.)

5
How can you obtain more information about topics related to these questions?

Helpful Web Sites

http://eosweb.larc.nasa.gov
http://www.hg.nasa.gov/office/mtpe/
http://asd-www.larc.nasa.gov/erbe/ASDerbe.html
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SATELLITES AND THE RADIATION BUDGET

Answer Sheet

Trading Card Topic
INSTRUMENT

1. What 3 instruments did ERBS carry?
(Hint: You may need to look at the "Mission" card.)

1.ERBS (Earth Radiation Budget Satellite)
2.NOAA-9 (National Oceanic and Atmospheric Administration-9)
3.NOAA-10 (National Oceanic and Atmospheric Administration-10)

2. What are these instruments used to study?

Instruments are used to study light, heat, and total radiation.

3. What is the difference between a scanner instrument and a non-scanner instrument?

A scanner instrument moves, sweeping back and forth across the satellite's path as it flies, while the non-
scanner instrument collects data from a wide viewpoint.

4. How long was the ERBS scanner in operation?

The ERBS scanner was operational for more that five years.

[See http://asd-www.larc.nasa.gov/erbe/erbescanner.html]

5. How can you obtain more information on topics related to these questions?

You can obtain more information about topics related to these questions by contacting the Langley DAAC
[http://eosweb.larc.nasa.gov]
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SATELLITES AND THE RADIATION BUDGET

Lab Team

Trading Card Topic

Data

Questions to Complete

1
What is albedo?

2
Find a Web site (from the list below) with a data image showing the surface albedo
for January with an 8-year average.

URL:

3
What would it mean if there was an albedo of 0967

4
What would it mean if there was an albedo of 50%7?

5
How can you obtain more information about topics related to these questions?

Helpful Web Sites

http://eosweb.larc.nasa.gov
http://agni.larc.nasa.gov/DataSets/sample.html
http://asd-www.larc.nasa.gov/erbe/ASDerbe.html
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ACTIVITY SHEET

SATELLITES AND THE RADIATION BUDGET

Answer Sheet

Trading Card Topic
DATA

1. What is albedo?

Albedo is the fraction of incoming sunlight that is reflected back into space.

2. Find a Web site (from the list below) with a data image showing the surface albedo for January with an 8-
year average.

http://agni.larc.nasa.gov/DataSets/sample.html; or more specifically
http://agni.larc.nasa.gov/DataSets/jan_alb.html

3. What would it mean if there was an albedo of 0% ?

An albedo of 0% indicates that no sunlight is reflected. [See Glossary]

4. What would it mean if there was an albedo of 50% ?

A 50% albedo would indicate that half of all sunlight reaching the Earth is reflected into space.

5. How can you obtain more information about topics to these questions?

You can obtain more information about topics related to these questions by contacting the Langley DAAC
[http://eosweb.larc.nasa.gov]



A design brief is a unique way of teaching problem solving strategies to students.

A problem is given to a student or a group of students, and the work is related to a
situation. In most cases, the students either solve or address problems. Design briefs
can be integrated across the curriculum. The purpose of a design brief is to teach
students how to solve a problem, explore ideas, make a model, and then present it.

Design Brief - Satellite

Pretend that the Earth Radiation Budget Satellite got lost in orbit. Design and build another
satellite, with instruments on board, to measure the amount of solar energy received by the
Earth and the amount of solar radiation reflected from the Earth into space.

You will have 90 minutes to design and build your satellite in a cooperative group. Your
satellite can be of any size, but it must have:
1
"power source"
2
attachable instruments
3
detectors (sensors)

Any of the following materials can be used to construct your product:
milk carton
4 small pieces of aluminum foil
5 straws
10 toothpicks

scissors

markers
clay
tape

construction paper

[optional: balloon(1) and several rubber bands]
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Satellites

1. After students have constructed their model, have them orally explain the instruments aboard
their satellite and its function(s). The students must be able to explain how they designed it, why
they decided to make it that way, and how it differs from NASA's Earth Radiation Budget Satellite.

2. Have the students write in their journals about what they did in their groups, and what they
contributed to the group. Students could also include what they learned, what puzzled them with the
project, what they enjoyed, or what they accomplished in the lesson .

3. Have the students write a descriptive paragraph(s) about the satellite they created and its
function(s). Remind the students that their paragraphs must have a topic sentence, supporting
sentences, and a concluding sentence.

4. Suggested Journal Topics:

= Why should scientists know how much radiation is reflected into space?

e Should NASA monitor the Earth's radiation budget?

= What do you think would happen if a satellite got lost in space?

e Explain how the radiation budget is monitored by NASA.

e Describe scanning and non-scanning instruments aboard satellites.

e How do you think scientists communicate with each other? What is the most effective means?



o

Radiaricn Sudgar
|

AC VITY SHEET
W O R D S EARMH PUZZLE
A|lS|T|R|[O|N|A|U|T|[I [O|N]|S|C|I
G|H|O|T|S|A|T|E|L|L|[I|[T|E|N]|N
Nfu|G|L|R[M|G|[P|O|L|[D|A]|S |H]|S
I {[T|A|O|A|[D|T|S|I|M|[E]|H]|C|C|T
N[E|M|N|U|R|A[D|I [A|[T]|O|N|N|R
N[s|o|B|Y|R|T|s|I|[M[E|H]|C]|U|U
A|C|R|F|[G|N|IT|[N|N|[A|[C|S|[J]|A M
cClr|T|E|IN|G|A[M|O|R|T|C|E|L |E
S|[E[M[I|[s|[s|[1]|O|N|S|O|A|S |U]|N
N[N|[S|C|[I|[T|[U|A|N|O|R|E|A|[S|T
o|C|Y|S|E|V|S|H|U|[T|T|L|E|H]|C
N[E[M[I|[s|[s|[1]|Oo|H|O]|L|T|[S|I |R
O|U|X|P|Y|T|N|E|M|I |[R|E|P|X]|E

Find the vocabulary words in the word search puzzle

Words can be found backwards, diagonal, horizontal or vertical.

aeronautics
astronaut
budget
chemistry
detector
Earth
electromagnetic
experiment
instrument
launch
mission
non-scanning
radiation
satellite
scanning
science
shuttle
solar
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